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Uhliauon or recd, b) aru,n.aJ, ,; ,mrortant 

mfom,.,non Coo,panng nutncrn ,oquuen,enl ",u, 
nl.(ncnl couc..citr•llon in tropical forage•. 

suuested Uial bo!lt energy ond protcrn m tlie Wea ""'" 
1nsufficicnl for opUm1I po"1h \\hen young arun.11, g,uc 
on tropical l\'Sture on!) (Huston ,1 al. 1995) Cn� 
r<qmremen!S for ph»ica! aocbvil) can result ,n d11Icrcncco 
,. mamtenanc:< requm.mcnl (McCrakon and Caldwdl 
1980) Th<rc" • rd.t!1onslnp between heart m!c and heat 

1><,,�,-,, or J'l,,.,ofol:" ,nd ......,,_""!' F,cW1y •l 'd<mi•n 
'l,J;a- ""'" A...,,,I"'" "'"'""'· "'"°"•�•• 

prod<>Cllon (l't'l"i\"3JllO u al I �'if J aHd actmty �" '"a111p 
OOffa]o ,;;hich L, \\Of�cd 111 r,cld (M 1 , 1rd1h d �, • 1998) 
loocn."""� hear pmd,cucn ,md O�)gC1 rnnsump11ot1 by 
IISsues requtrc ,,n lllCrea"'d ox,�cn artcno,,nou, 
d1Jlcn.-ncc or mc1eascd blood fla� Jncr"asul hlood flow 
10 the Ut&JC>,HL Pm,. reqmres :m u,crcs,scd stroke ,olumc 
of 1he l1<lrt 01 ,rn 11>.;JOased IL= I r •tc 

Gra,m,; and \\o,bng aium.il, ,HO ,01} wrnmon 
,n lndonom .. but ih.ere ,s sllll hnnlcd mformallon abooi 
eoergy nlll1L1l10n b,• 1nd1gcnnu, anm,,t, accordm� 10 U\3l 
�md of .icln,·,e, n,cr,foro. the err= of co,>.;e11lralc 
,;uppkmenrnuon ,,n gr.umg P11a11g,i1 sheep '" relauon to 
cr1<:rgy m,1,z,nwn w-.,__, -<sessod ,n U01, n,i<!y 

!11AIERIAL� Ai'.U �1 lslllOD� 

Anhnal and Hl>tain� 

S1Atocn male l'.fOwrng Pn.rnvn sheep (I\ IS�� 
BW) ,.a, uscd for lr.e l"o months e,pcnmcn[ 1he 
ammals \\WC r,mdoml) alloued mlo four grnup> ""­ 
prcsc.ot.cd m Table l Tioc cxpcnmcnt con<,ncd I}( one 
mo!Uh fo• adaptalrnn pcnod (housing rutd yv1ng) and a 
lwo--,.,,,b prclmun:uy penod followed by a I-week 
b.ll.ince pcnod 1110 :i.1,pt*on pcncxl "·" opphcd to 
•llo" lbc ohccp to adJust tlw CApcnmental d101> and 
£'32.lnt 001•111,on wher,,a, prnl,mmary. pcnod was 
dn-cclcd to marnt1rn lhe onin1al, 1n tlic me!ahol,c cages 
usm� heart ra1c <k.\cc,or (Polar S[>O� Tester) At d-8 o( 
the prel11111ru11 penod. •nutl.ol, on II>< t/3".rng group "ere 
bdul<d to wear mctaool1c bag Junn� �ra,mg TI,e i,,,g ,s 
<lc:s1�ncd to ""�•.,.le fou:s ,rnd unnc Anmials m:rc 
housed in mct,holic pens dulUl� 111gh1 balance trial 

ln llus s:ud}. l\ou.<mg •smials >1CrL kcpl 1n 
lru!Jvldts,l pe11s dt1111ll od.,pat,on pcuotl ,md 010\Cd lo 
=crn�r;� r�;, :�;;;'; r���'.ght ::�ng �"'.;""' �;: 
anurnll, plotted on Uic p.islnre. m,� o.,u,c grns, was cul 
and ,n a 4 m' comer gm« \\JS ,amplcd m order to l.J"'" 
lhc i,,tss produc�oon ar.l com;,osmon dunn� gra,1ng 
penocl Til.il p ""'" is t'"'"' 111tl1 mm, kind of gr.me, 
\\luch "°"'"""d <I rrereoa, or oi,1011111 of numem ulucs 
All �so;c,; '" !�e pasture ""' c",m He1 compl<tcly fcd 
Gr1vsng nnic slaned fn,m n� ()() • m In 5 Oil pm 
cvel)do), afk, tlo,l aHLmdls \lere ke!}l u, md,.,du,� pens 
dunng n11;hl TI,c d"" of n:lall\e lnitmd t,, cn\1ronme[l(a] 
lcmpcn,lurc a...d t>oo, tcmpcrtlrnc cf ll•J> Slud, ,,en. 
mcas-urcd .,n<I sh 0111, ,n Table l 
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"""" c.1lculdted from 1""'1 prolcm �mes 16 74 Kl g • 
prown. "h1le cncr� rclcn11on as fat was cab1lmOO from 
total fol �mes l7 67 Kl g ' fu.l (PoMrs ru,d 1-k"'IO}, 
1990) D.nly (HP) ""' calcul otcd by sub1r-e11ng Rt from 
1\-1 C mtako 

n,._ '1gmlic.trce of ditrcrcno:: bcmoen mean, 
\OCrc compared usmg DwlGl.!l Muliiplo � 1e<t after 
ANOVA for h">-,.•i cla.'1>1fic.,11<>n.s !Scet! a!ld Torn,, 
1936) U11ng • TCgrc.,,on aml)m of Uoc HR and HP, 
corrda1•0<1 bct\>ccn ttlose data '"'" dc,·cloped 11.e 
coniput« program .\1JN1TAB/SPSS rcloase 61 (1988) 
"',s used m .tll sl,Lll;t1cal e,.aluanons 

RESULTS A:>D DISCUSST01'" 

l"t>e 1esulls of crworgy met.obolisn1 studies ,u-c 
µresemed m T�blc 4 TI,c "'""'£• ,;i" UM mtak« were 11<J1 
alfecr.od b) 11,c ,rc..,ments ar>il data showed that DMT was 
arourl<l 1.51'. from lho IJW and in M 0\1'rngc XIE �r, " d 1 
Da,h supl)lcmcncauon cr o !5 kg.d' of an 18% lP rauon 
did no1 ,1tniiicanl1) .rrru forage DMI of ev.es gra,,ng 
,.,mer range. and oloo � DMI ,alue> ranj!mg from 
971 g lo 1221 gd oc 16 lo 20 % of IJV, 
Supplcmentat!on lfltal,.e Ill ti.at studv was appro=ialel) 
0 2o/, of BW and 1[ was co1>eludcd lhal lhe qu.mttty of 
<upplcmcnt.11.Jon fed "a,; prooably 11.1ost gi-...at enough 10 
sausc a subsuh,toon of sup1]lemcnu11on fed""' 1)100ably 
most g.reat ct1ough to "'-'™' • submruuon of 
,uppkmmtat,on for forage (Hams ti d • 1989) 
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Groos cncr!'.) mtakc was lughor by O 20 MJ Kg 
., d 1 m >I""'!' fed cone<ntntc \\'1th final BW around 20 Lg 
(l,L -i n MJ Kg"d') tl11n rn n,IJ.vc gm« groups 
(GI:•! II �1Jkr,''d1), U-... wa.< due to lhc lov. ener)?\' 

COlltenl of ncg.itl\c gras, Pcrceulage of DE m concenlr.11, 
=I"' \ondcd to be higher (P -0 07) Oi.m 111 name gross 
groups Nomrnlh, concentrate r.>tion Im b;;ner 
d,gcsubahtv than n.su,c t"''"- bul m llu, case It """ 
wggested that C"'1crnlnie I.id high pctccnrage oI nee 
brin, "'' le the ,,.,u,c grw; h..d irood qualit) cnOll�h 

I he ME ,alnes m ronocnttatc !lfOUP' was lu!,l,cr 
till!\ ll\ nalJ.,c gra<< gro,.,ps (P<O O�) and from the 
calculatmn found 1h:ot oonccntt•tc group,; cons,,mcd 12�'!'. 
ME mt<lk< from the rcqwrr,mcnts for ma,ntenaocc \\hLle 
1hc nati,e i:rass &l""P or.I, WO 'lo (a,,u,mng a, ,1,,, ,, 
no kcal lg"' d' MBS ro, 1,.-11'.,., \3ll Es. ct al. 1%9) n .. 
rc.L<01ung was, meOiane pnxluc1mn ""' h1th 1n "'1Hn,,ls 
fed b) grass and alw fmm lhc DF data 11,crc \\Crc no 
difference bclwc,;:n hot,s111g and i•=ut &'°"I" to intake 
MF, OOt tj,e effid,ncv of ME unl.,anon {.',.J.C D[) m 
gra.:ing group, "'"' h•£.,�er tl\al\ nall,.., grass erouv> 
(P<O 01) Tn 1hi, ca><, the paslUJ"C """"J1.Lsl ,,ftcr cm oo U"t 
gnnng arnmals coHld find lloc be<t cho,c,, for grass tn 
co,1<111110 surroulldrng O"' p.isture, rather than J<L<l c.,1 tbe 
cuuu,g g.ra<> on ]ooo.J;mg gn:,np As a ronseq"-"'nee. en..-g_, 
catabohs,n lhrough the um,e in granng group"""' lo\>cr 
lh.m ,n hco.,.me croup Other rc<e.ircher reported llU. 
ewes were prollably 1non, <el0<:l1ve ,n theit grazmg dunng 
)ear I when "'"'er cnvtronn,ental cond!t,on, ""'re le« 
h,11,h. a.-.J 1hcrdr, C&nstlmed a d,cl nf h,gl,cr qualm 
(So:Jcr rl 111 1!195) 

Graung ,u11n,.Js tended !o have lugt,cr HP 
(P-O 08) than l\ousmg am mils The hl)!hesl HP fmrid ,n 
gl'll!nt group. "h,ch "ere anunal, supplement l\llh 
con,.--cnlnic. (S 42 ?\-lJ d 1) Wlulc Ilic othcr HP ,al11e, '"" 
0 42 Ml kg "d' in overnge Po� fed the nan- .. arch 
pcly""-"'h.ind, (NSPJ diet, l � 3% of tot.ii HP "'" related 
to act<\'11}, "tlcrcss in pig, foJ lhe <larch diet. """ 19 !",\, 
(Schrania ti al, 19%) nu, ,tud, found that around 20"· 
ot to!aJ HP wa, rclal.cd to gr:mng actlVJI}' In llOU<1ng 
gmup, "'°"'P m (K) ITc.nment were more C>.C!!ablc for 
cahng, so \11111 thc vuluo of l!P tended lo he h,gher th-on ,n 
(C+N) Due to u, o,<:r-alcrt bchO\,or and lack of fefillng. 
the trop,cal anmials ma, ,hu" lug),:;r HP. (AsruU er al 
1993) 

Retained energy ,vas 00{ smular due lo tl,c r,lton 
C<mccntranon grool)' lia\C higher 5% ,n RE (f1om Gt) 
than nalnc gm,., group, This '"" happened lx>c•u,c of 
enough ME supph m concentrate groups Encrgy \\1tli,n 
protem ""' Ji", m oonccnlra�on groups and 29'/, (from 
total RI:) in ,.,11,c gn11, gro,,ps. "htle encrg) 1>1llun f.n 
"'"' lhc remainder 

Heart rate ""' arou1.d 2W, hii_:.hcr 1n g.rann� 
group, lh:m m housmi groups (P<O 01) The <Lul} 
panems of HR arc shm,n ,n �,r;ure 1, al bolh lrc,Hmcnts 
houslll: and gr1,an& aonruils durn1g datl� ac1"1ILL,s (5 
hour,) TI,c peak di lh< fi[UJ"e '''" pan.ally related 10 1hc 
m,.rcasrni acll\11} (running). "luch ''""" 1ndic.,1cd b, 1hc 
lu'1)101 llR d�nu� ketlm� lune The linear rcercss,on ""' 
de,clopcd from lhe HR .,nct HP follo,.mg tl,c cqu.1tLon a< 
Y • -2 29 + O 05"1 X, r • ll '!<I, "''"""' ', sad X arc II>' 
and JJR re.,pccu, clv 
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